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(57) L 'invention conceme un precede pour produire des 
couches de borure resistantes a Tusure sur des surfaces 
de materiaux metalliques. Ce precede est caracterise en 
ce que de Thalogenure de bore choisi dans le groupe 
comprenant le trifluorure de bore, le tribromure de bore, 
le triiodure de bore et leurs melanges est melange avec de 
Thydrogene et eventuellement de Targon et/ou de T azote 
en vue de produire un gaz de reaction contenant entre 0,1 
et 30 % en volume d'halog^nure de bore. Le melange 
obtenu est active par une decharge de plasma de telle 
maniere que le bore pent etre transf^re du plasma a la 
surface metaUique. 



(57) The invention concerns a process for producing 

wear-resistant bonde layers on metal material surfaces. 

The process is characterized in tha t boron halide selected 

from the group comprising boron trifluoride, boron 

tribromide, boron tri iodid e and their mixtures is mixed 

with hydrogen^and^ ^ ioSlly ^ar poii^and/o nitrog en in 

order to produce a reaction gas containing between 0.1 Ql\ - O^^Jifl 

and 30 vol % boron halid e. The resultant mixture is 

activated by a plasma discharge such that boron can be 

transferred from the plasma to the metal surface. 




10 



"J 



Industrie Canada Industry Canada 



^7-24-1998 15:3-4 312 532 42e5CA 02244248 1998-07-27 p. 14 



PROCESS FOR PRODUCINO WEAR-RESISTANT 
BORXDE LAYERS ON MBTAIj MATERXAt- SXTRFACES 

^gt:i ^a.Gt Qg ^i^Q Discloaura 
A process is provided for producing wear-resistant 
boride layers on metal material surfaces. The process is 
characterized in that -a boron halide selected from the group 
comprising boron t rif luo_ride, boron tribromide, boron 
triiodide" and their ^mixtures is mixed with hydrbgen and 
optionally argon and/ or nitrogen, in order to produce a 
reaction gas containing between 0,1 and 3 0 vol% boron halide. 
The resultant mixture is activated by a plasma discharge 
whereby bor on is transferred f rom the plasma to the metal 
surface- 
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Procafls for producing wear-rosifltant boride layers on 
metallic manorial surfaces 

The invention relates ' to a process for 
5 producing wear-resistant boride layers on metallic 
material surfaces?; 

V7ear-resistant boride layers are usually 
produced in practice using solid boriding agents, for 
example in the form of powders, pastes or granules, 
10 A disadvantage .of these processes is that they 

are labor-intensive in terms of packing, unpacking .and 
cleaning the parts. Cleaning is carried .out* using a 
combination of washing and brushing or abrasive- 
blasting. Since the powders, pastes and granules can be 
15 used only once, problems also arise in disposing of the 
spent boriding agents . 

In addition, the use of liquid boriding agents, 
for example in the form of salt melts, is also known. 
However, all these processes have not been able to 

2 0 become established owing to the problems generally 

associated with- salt baths, viz, those relating to 
safety of handling, cleaning of the parts after 
treatment and disposal of the baths or their waste 
products . 

25 Xn the past, there have been various attempts 

at boriding using gaseous boriding agents (GVD 
processes) . When using organic boron compounds 
(trimethylboron/ trialkylborons) , carburization occured 
predominantly instead of boriding; when diborane is 

3 0 used, safety protjlems occur because of the extreme 

toxicity and the risk of explosion. 

The use of boron trichloride as boron * donor 
medium has not .been able to become established because 
of process-inherent problems in layer formation. The 
3 5 cause of these problems is t he hydr ogen chloride 
formation wHigVi always occurs in boriding using BCI3/H2 
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In the l^orlding of ferrous materials using 
boron tricliloridev the following fund2unental reactions 
occur: ' 

2BC13 + 3H2 +. 2Fe > 2FeB + 6HC1 

2BCI3 + 3H2 + 4Fe > 2Fe2B + 6HC1 

The hydrogen chloride gas formed in boriding 
using BCly -reacts vd-th the iron of the base material to 
form- volatile iron chlorides: 



2HC1 + Fe > FeCla 



15 The iron ..^chlorides have high vapor pressures at 

the treatment temperatures in the range 500®C-1200°C 
which are employed, resulting in substantial, ongoing 
evaporation of iron chloride. This leads to hole 
formation between boride layer and substrate, as is 

20 always criticized in the case of the BCI3 process. 
Suppression of the hole formation is only possible i£ 
one succeeds in [generating sai impermeable boride layer 
within a very short time at the beginning of boriding. 
This is technically difficult in that to the present 

25 time it cannot be achieved reliably and reproducibly . 

't 

(Apart fx'om the purely thermal variant of CVD 
boriding, work on plasma-aided boriding (PACVD 

Hitherto, only diborane and 
have been used in this process 
3 0 variant/ accompanied by the disadvantages which are 
already known from thermal CVD. An overview of the 
processes mentipned may be found in the review 
^^Engineering the^ Surface with Boron Based Matera-als" , 
Surface Engineering 1985, Vol* 1, No. 3, pp. 203-217. 
35 5 It is an object of the invention to provide a 

process for prociucing wear-reeistant boride layers on 
metallic materials, which process does not suffer from 
the abovementionad disadvantages . 



boriding) 
boron 



is _al30 known . 



trichloride 
ijr. 
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According to the invention, this object is 
achieved by a process which compriaea mixing at l east 
one boron halid e selected from the group consisting of 
boron tr if luori de, . boron tribrom ide and boron triiod ide 
as boron^ sou rce ^l ^Jty<3iro3^n and^^g.aifely argon and/ or 
nitro gerij to^ generate a reaction gas containing j&£sm_L 
to 35% by vo lume of boron hal ide and activating the 
resulting mixture -by means of a plasma d ischarge so as 
to enable boron to be transferred from the plasma to 
the metal suxfaee-.. 



The 



reaction gas can further comprise boron 



25 



30 



35 



trichloride as boron source: 

The reaction gas preferably contains from 5 to _ 
20% b y volume of , boron halid e. particularly preferably 
from 5 to 15% by volume of boron halide. 

The reaction gas preferably contains from 20_&p 
% by volume of H a. particularly preferably txomJSL^ 

% by vo lume o f . 

The reaction gas p referab ly comprises boron 

trif luoride , 

Boron trif luoride is particularly preferably 

used as boron halide* 

The reaction gas is fed to the treatment space 
in an amount of preferably - from 0.5 to 2_l ^^er,minute . 
particularly preferably about 1 1/min, 

Boriding. is preferably carried out in the 
pressure range of IjzlO tnbar under the action of a 

s taiown, for example, from plasma 



plasma discharge, as - — 

coating units. The plasma discharge can be pulsedCojQ 

unpulsed. 

The reouired treatment temperatures o£ 
preferably from 400OC to 1200oc, particularly 
preferably from! 850 to 950oc. are generated by Che 
plasma itself or, especially in the high- temperature 
range above 90ok, with the aid of additional heating. 

The treatment time is preferably from 30 to 240 
mitl, particularly preferably from 30 to 120 min. 

The thickness of the boride layers is usually 
controlled via We tre atment ti me, with the thicknesses 
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of the layers infer easing wich incrlsraising treatment 



time: 

As further gases, the reaction gas can 
additionally comprise argon and/ or nitr ogen; They 
5 ena^ie__the activity of b oron transfer to be contro lled 
and s ufficient heating of the specimens by the plasma 
to be achieved. The c Qmpoa^,i.on n-f ^he re act ion gas c an 
thus vary within wide' limits d epending on the treatm ent 
conditions and the. material to be borided, 

10 The process of the invention is particularly 

suitable for boridxhg ferrous mater-i-a-ls - 

In the process of the invention,* molecular 
hydrogen present in the rea ction gas is conver ted into 
a tomic hydrogen by mea ns of a plasma disch arge. The 

IS atomic hydrogen ireduces the boron halide {BY3) and thus 
enables boron to be trs^nsferred to the workpiece 
surface. ^ 

BY3 + 3 H > B + 3 HY 

2 0 B + X ME > MexB 

However, conversion of BYj into BYz by the 
plasma can also • occur, in which case the following 
reactions can then proceed: 

2 5 

-.r. 

3 BYa > B 2 BY3 

B + X ME > MexB 

* 

Subsecjuent to boriding, the borided material 

3 0 can be subjected to an af tertreatment to convert any 

FeB formed into FeiB, This can be achieved, for 
example, by a heat-treatment process subsequent, to the 

boridina treatment bv. sto ppfLncr the^ suppIv of. boron 

halide and holding the w orkpiece a t the t reatment 
3 5 temperature for^"a further time. The duration of this 
diffusion treatimentT depend s on the amount of FeB 
present and is usually 20-60 min. 

The process can be carried out, for example^ in 
a unit which is suitaible- for plasma coating and is 
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consiscs essentially of the 



known per se. This 
following componencs : 

The vacuum vessel ^r-^;,^.^^. f^r accommodacing 
the parts to be treated. The reactor should be heatabl.e 
and allow operation in the temperature range fr om' 4Q0 cc 
to 1200OC. 

The Plumpi ng syst em for evacuating the reactor 
and setting the working pressure. 

The ?a3 supply unit for mixing and t^^I^ rH in 
the reaction mixture. 

The -pu-l-S6d -pl-asma power -supply -far generating 
"' ^i^ . taininq the plasma disch arge in the vacTum 
vessel, such that t he power introduced can be jcaried 
within a wide ^ range by mean s of the pulsefrequency ^ 
pulse width. ^ — 

" s ystem for neutralizing and disposi ng of 

the gas a nd the sys tem for c ontrolling and monito r^ nrr 
"^"^ operating' parameters : the "1^^^^ system ^trols 
and monitors the course of the pro cess. 

Bbc&xnple 1 

After introducing a 100Cr6 steel specimen into 
the reactor, it .s ,iieated in the plasma of a DC_glow_-^ 



discharge having .a ^ 

pressure of 10 mbar.^ The specimen is a- adxfcicin ally 
heated by means of the h eating of the reac tor, thereby 
shortening the heating time. The heating and cooling of 
the specimen is .carried out_i.n-a_ J, : 1 mixtur e of argon 
and hydrogen. After the t reatment temperature_o.f 850°c 
is reach ed, the boron source b oron trifluoridg is added 
at such a rate that a reaction gas mixture composed of 
45% by volume of hydrogen, 40% by volume of argon and 
15% by volume of boron trifluoride i s formed. The gas 
mixture is fed to the vessel in an amount of 1 1/min. 
The duration of the plasma treatment i s 200 mi n. 

A metallographic section shows a boride layer 
having a mean thickness of 42 pm. The microhardness is 
1800 HVo.os' The I'kyer is free of FeB . 



|(4kHz) I 
a'aaition 
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Example 2 

5 Aft BT introducing a. HastelLoy B specimen into 

the r-eactor/ it is heated in the plasma of a DC glow 
discharge having a cons cant pulse frequency (4kH2) . The 
specimen is heated to a temperature of 8S0°C by means 
of the plasma discharge at 10 mbar . The power density 

10 is controll ed via the pulse width- The specimen is 
he "at~ed' exc±Usivel-y -by -mean s of -the .gJLow. _d is char ge . The 
heating and cooling of the specimen is carried- out in a 
l;i mixture of ar^on and hydrogen. After the treatment 
temperature is reached, the boron s ource boron 

15 trifluoride is added in such an amount that a reaction 
mixture composed ^pt 45% by volume of hydrogen, 45% by 
volume of argon and 10% by volume of boron trifluoride 
is formed. The gas mixture is fed to the vessel in an 
amount of 1 1/min, The treatment time is 240 min. 

2 0 A metallpgraphic section shows a boride layer 

having a mean chickness of 50 pm. 

The micro hardness is 2400 HVo.os* 
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Amended claims 

1. .A process for producing wear-resiscant boride 

5 layers on metallic material surfaces, which comprises 
mixing boron trif liuoride as b oron source with hydroge n 
and p ossibly argon and/or nitrogen to generate a 
reaction gas containing fro m 1 to 3 S% by volume of 
boron halide and*, in the resulting, reaction gas, 

10 converting the molecular hydrogen into atomic hydrogen 
in the pressure range of 1-10 mbar by means of a plasma 
discharge SQ that -the -a-tomi-s -hydrogen reduces -the ^boron 
^ - trif luoride^ and chus enables boron to be transferred 
from the plasma to the metal surface. 

15 2. The process as claimed in claim 1, wherein the 

reaction gas cont ains 20-90% by volume of H 2 . 

3 . The process as claimed in one or more of claims 
1 and 2, wherein the reaction gas is fed into the 
treatment space in an amount of from 0 . 5 to "2 1 per 

2 0 minute - 

4. The process as claimed, in one or more of claims 
1 to 3 carried out at temperatures of from 950'=^C t o 
950Q C. 

5. The process as claimed in one or more of claims 
25 1 to 4, wherein the treatment time is from 30 to 240 

minutes . 
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